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THE HOUSE-FREQUENTING, HOST-SEEKING AND RESTING
BEHAVIOR OF ANOPHELES DARLINGI IN SOUTHEASTERN
AMAZONAS, BRAZIL1
D. R. ROBERTS.' W. D. ALECRIM.3 A. M. TAVARES3 lNo M. c. RADKE4
ABSTRACT. Studies on the behavior of Anopheles darlingi were conducted at a site along the ltuxi
River, Amazonas, Brazil. Patterns of host-seeking activity inside and outside a single-walled house both
presented activity peaks at sunset and sunrise, but biting activity inside a four-walled house peaked after
sunset then gradually decreased during the night. Major movements of females into and out of the four-
walled house occurred at sunset and sunrise, respectively. Marked engorged and unengorged females
released indoors were observed to preferentially rest on the ceiling. These behavior patterns were
confirmed by replication and/or with more than one sampling technique or study method. Additional
observations on exit sites, spatial distribution of resting females and physiological condition of exiting
specimens were recorded.
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INTRODUCTION
Anopheles darlingi Root is the primary vector
of malaria in the Brazilian Amazon Basin and
is equally important in many other areas of its
discontinuous range from southern Mexico to
northern Argentina (Giglioli 1956, Root 1926,
Davis 1931, Forattini 1962). Consistent with the
behavioral characteristics of other important
malaria vectors, An. darlingi is thought to be
endophagic and anthropophilic. It is generally
characterized as having a peak of indoor biting
activity around midnight, although different
patterns of biting activity have been docu-
mented (Deane et al. 1948, Charlwood and
Hayes 1978). In addition, Anophel,es darlingi is
described as endophilic, i.e., feeds and rests in-
doors; however, partially exophilic andfor zoo-
philic behavior also has been reported (Rachou
1958).
Our understanding of the behavior and ecol-
ogy of. An. darlingi in the Amazon Basin, as it
relates to malaria control derives mainly from
the research of the 1940s and 1950s. More cur-
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rent information is required, from almost all
regions, to properly assess the effectiveness of
accepted malaria control operations. Included in
this report are observations on the behavior of
host-seeking populations of An. darlingl along
the Ituxi River in Amazonas, Brazil.
MATERIALS AND METHODS
Study site. The Ituxi River is a tributary of
the larger Purus River (Fig. 1) with headwaters
in Acre and Amazonas states. The Ituxi-Purus
confluence is located approximately 10 km west
of Labrea in Amazonas State. The "terra firme"
and "igapo" habitats are the most frequently
encountered habitats along the river (terra firme
refers to highland that is not normally inun-
dated by the river while igapo is composed of
Iow areas that are inundated for several months
each year).
Residents generally spend their entire lives
on this river system and comprise a widely dis-
tributed but stable community. Houses normally
are built on terra firme near the edge of the
river. The economy is based on hunting, fishing
and subsistence farming, as well as collecting
rocks for construction and harvesting rubber(from Heuea brasiliensis), latex (from Achras
spp.) and Brazil nuts. Houses are constructed
on stilts with palm thatch roofs, and often have
only one or two walls (some have none) which
are made of palm slats, as are the floors. In spite
of active control efforts the Ituxi River popula-
tion is characterized by a persistently high prev-
alence (7.8%) of malaria, with 47.87o due to
Plasrnodium falciparum and 52.2% due to P.
ulua.r (Alecrim 1979)5.
Based on data from a survey of mosquito
populations along the Ituxi River in July-
' -o Alecrim, W. D. 1979. Estudo clinico-epidemiolo-
gico da malaria no Rio Ituxi-Amazonas. Tese de Mes-
trado, Universidade de Brasilia. 115 n.
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August 1978, we selected Floresta as our study
site. In January 1979 an experimental house was
built there on stilts 85 cm above ground, with a
palm thatch roof, walls of palm slats, one small
room with a wood plank floor and another with
a floor of palm slats. The experimental house
was Iocated within 100 m of the two families
that lived at Floresta. A Iadder and rafter system
were constructed in the house to facilitate access
to the ceiling for studies of preferred resting
sites. Large openings (greater than 5 cm) be-
tween rooms and between the roof and outer
walls were screened to reduce mosquito move-
ment.
Window traps were placed in the window
spaces. Openings to accommodate two traps
later were constructed in one gable ofthe house.
The lower ledges of windows and window traps
were 2 m above the ground, whereas traps
Iocated in the gable were 3.7 m above ground.
In addition, two modified veranda traps were
constructed for sampling populations moving
through openings in the walls and corner ofthe
house. One trap enclosed a relatively large ex-
ternal wall surface (1.8 x 2.95 m) which included
an exit trap in one window, whereas the second
veranda trap enclosed only the corner section
(1.8 x 0.2 x 0.2 x 1.8 m) at the juncture of two
walls.
Suruey. A survey for Anopheles darlingi pop-
ulations, employing human bait collections, was
conducted along the Ituxi River in July and
August 1978.
Biting actiuity. An initial series of studies on
vector behavior was conducted in August 1978
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at Floresta in a house with only one wall, that
had been sprayed with DDT in April 1978. This
consisted of a sequence of three all night human
bait collections that were conducted for 30 min
each hour with one team of collectors (2 men
per team) in the house and another team in an
open area about 20 m from the house.
Another three series of studies on activity
patterns were conducted in the experimental
house. Uniform methods were employed; thus,
findings are presented as combined results with
reference to the separate series as study 1 (Feb-
ruary-March 1979), study 2 (May-June 1979)
and study 3 (March 1980). Weather conditions
were similar for studies 1 and 3 with temperature
ranging from 24 to 31" C compared with 16-30"C
for study 2. Paired, outdoor-indoor human bait
collections (1 collector/site) were conducted in
a uniform manner throughout with collection
intervals of 10-15 min/hr. The 10 min collection
interval was employed for only one series be-
cause ofvery dense anopheline populations. Col-
lectors were continually rotated between collect-
ing sites and teams were switched every 6 hours.
Furthermore, teams were rotated between shifts
every night. Temperature and humidity were
recorded every 6 hours for study 1 and at hourly
intervals for studies 2 and 3.
House entry/exit times and, lncations. En-
trance and exit traps were emptied at 2 hr inter-
vals. In March 1980. an entrance and an exit
trap each were placed in the gable of the house,
veranda trap collections also were conducted in
March 1980.
Sella's method for evaluating the stages of
Fig. 1. Map of the Ituxi River drainage system with location of the study site at Floresta (4).
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blood meal digestion and ovarian development
was employed with specimens caught exiting the
house. The effectiveness of Sella's method for
assessing the physiological condition of An. dar-
lingi specimens was reported separately (Rob-
erts et al. 1983). In the interest of brevity and
simplicity, unengorged specimens captured in
exit traps were excluded from analyses pre-
sented in this paper.
Resting sites. Blood engorged, An. darlingi were
collected in the peridomiciliary environment
during the early evening, marked with USR
fluorescent pigment 1953 and released inside the
house at 2200 hr. Periodic observations with a
BIak-Ray@, ULV.56, Iong wave ultra-violet lamp
were made following release to determine the
preferred resting site of blood-fed specimens.
These tests were conducted on two separate
occasions during study 1 and 100 specimens were
marked for each test.
On two occasions specimens were collected
from the entrance traps between 1800 and 2000
hr, marked and then released within the house
at2040 hr. Periodic observations with the ultra-
violet lamp were made following release to iden-
tify resting sites of non-engorged females. All
specimens caught during each release night were
inspected for the presence of marked specimens.
Series of resting collections were conducted
for 5 min simultaneously inside the house, from
the external walls and from vegetation near the
house for two nights during study 1. A series of
the 5 min collections was conducted at half hour
intervals from 1830 to2105 hr and another from
1740 to 1915 hr. The resting adults were cap-
tured with a mechanical aspirator.
A single collector was stationed at each of five
sites; one less than 10 m from the house, another
at 20 m and the third at 40 m from the house.
Continuous 15 min captures were conducted
from 1750 to 2005 hr on June 3 and 4, 1979.
Statistical analyses. To test the effect of low
ambient temperatures on host-seeking activity
we analyzed collection data for two activity in-
tervals, 1835-2055 hr and 2345-0500 hr, from
studies 1 and 2 with the Kendall Rank Correla-
tion and Kendall Partial Rank Correlation Coef-
ficients (Siegel 1956). Data consisted of numbers
collected per collection, time of collection and
temperature at the time of each collection.
Separate Kendall Rank Correlation Coeffi-
cients were calculated for numbers vs. temper-
ature, number vs. time and temperature vs. time
for both activity intervals. Tests of significance
were performed on their values at theb.Ol level I
of probability. The r values were then employed
in the Kendall Partial Rank Correlation Coef-
ficients to parcel out the time and time-temper-
ature effects. No tests of significance were avail-
able for the resultant values.
RESULTS
Suruey. Populations of An. darlingi were con-
sistently present in the peridomiciliary (within
10 m of the house) habitats sampled (ca. 15)
along the Ituxi River system. Only at Fortaleza,
an isolated site with cattle, were anopheline
species other than An. darlingi, vis. An. oswaldoi
(Peryassu) and An. nuneztouari Gabaldon, en-
countered in abundance in the cleared areas near
the houses.
Biting actiuirly. Peak biting activity of An.
darlingi "indoors" and outside of a house with
only one wall occurred at sunset and sunrise
(Fig. 2). Although the house had been sprayed
with DDT, no marked differences were found in
the "indoor"/outdoor activity patterns.
A bimodal pattern of biting activity outdoors,
as reported above, was duplicated in studies 1
and 3 with collections conducted near the ex-
perimental house. The peak at sunrise was not
apparent in data from study 2. In addition, we
collected females coming to human bait during
daytime outdoors during study 2. There was an
absence ofactivity only in the early afternoon.
Study 1 collections revealed a sharp increase
in indoor biting after sunset and persistent but
declining activity throughout the night (Fig. 3).
The minimum temperature recorded during
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Fig. 2. Number of Anopheles darlingi from 3 nights
of human bait collections at Floresta. Ituxi River.
Amazonas, Brazil in August 1978. Data plotted by
mid-time of the 30 min collection intervals. Collec-
tions conducted by 2 collectors for 30 min each hour.
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HUMAN BAIT COLLECTIONS FROM STUDY NO, 1
(FEB_MAR 1979)
Fig. 3. Number of Anophclcs darlingi from 3 nights
of human bait collections at Floresta, Ituxi River.
Amazonas, Brazil in Feb-Mar, 19?9 (study 1). Paired
indoor/outdoor collections were conducted for 10 min
each hour and data are plotted by mid-point of the
collection intervals.
these collections was 24"C. There were no sig-
nificant differences, as determined by the Kol-
mogorov-Smirnov two sample test, in activity
patterns between studies 1 and 3. In contrast,
biting activity in study 2 dropped after 2147 hr
and remained low the rest of the night (Figs. 3
and 4). The Kolmogorov-Smirnov two sample
test revealed sigrrificant differences (P < 0.01)
between activity patterns of studies 1 and 2.
We hypothesized that the low late-evening
temperatures during study 2 suppressed host-
seeking activity (Fig. a). The low temperatures
(16"C) experienced during study 2 typifies a
"friagem" phenomenon resulting from a large
cold front moving north-northeast from the An-
des into the western Amazon Basin (IBGE
1977). The Kendall Rank Correlation and Ken-
dall Partial Rank Correlation Coefficient anal-
yses of data from two activity intervals for both
studies gave highest rho values for numbers
collected vs. temperature, r values of 0.7 (P >
0.01) and 0.64 (P < 0.01) respectively. When
contributions of time on numbers collected were
parcelled out with the Kendall Partial Rank
Correlation Coefficients, the r values for num-
bers collected vs. temperature remained high,
0.7 and 0.55 respectively.
Hou.se entry/exit times and locations. A surge
of mosquitoes entered the house from 1800 to
22O0hr (Figs. 5 and 6C). Only collections during
study 3 showed an increased ingress ht sunrise(0430-0630 hr) and ovet 50% of the total was
obtained from a single collection during and
following an episode of heavy rain and high
winds.
Exodus from the house began after 0400 hr.
Again, there were marked differences in results
for study 2. The ingress of females peaked earlier(1800-2000 hr) and was of short duration in
study 2; in addition, movement out of the house
started later (0600-0800 hr) and continued
through mid- to late-morning. A majority of
exiting females captured after 0400 hr in all
studies were late fed or Sella Stage 2 or greater.
Actual numbers entering via the gable were
consistently less than entering through the win-
dows (Figs. 64. and 7) and there was no early
evening peak of ingress. Again, the surge of
mosquitoes entering the house via the windows
during the 1630-1830 hr interval of study 3 was
produced by a single, unusually large collection.
The physiological condition of engorged An.
darlingi collected at different exit portals in the
house was extremely variable. Most specimens
that exited through the wall during early evening
were recent fed, as represented by collections
from veranda trap A (Fig. 68), while those cap-
tured at sunrise were predominantly late fed.
Similar findings were obtained with females that
exited at the corners of the house (Fig. 6D).
Proportionally more specimens captured escap-
HUMAN BAIT COLLECTIONS FROM STUDY NO.2
(MAY_JUNE 1979)
Fig. 4. Numbers of Arcph.eles darlingi from 3 nights
of human bait collections at Floresta, Ituxi River,
Amazonas, Brazil during study 2 (MayJune, 1979).
Data from paired indoor/outdoor 15 min collections
conducted each hour during the night and plotted by
mid-point of the collection intervals.
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Fig. 5. Numberc of Anophel.es d.arlingi collected in
entranceand exit traps located in an experimental
house at Floresta, Ituxi River, Amazonas, brazil dur-
ing study 1 (Feb-Mar, 1g7g). Collections were con-
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A
Fig. 7. Numbers of Anopheles dartingi collected in
entrance.traps placed in windows and in the gable of
an experimental house at Floresta, Ituxi Rivei, Ama_
zonas, Brazil during March, 1g7g. Collections were
conducted in 2 hr intervals throughout the night foii
nights. Dataplotted by mid-point of the 2 hr c6llection
rntervals.
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ing directly through the windows were late fed
and Sella Stage 2, with Sella Stage 2 females
being most abundant at sunrise (Fig. 6C). Re-
cent fed females were relatively uncommon in
collections from the gable of the house (Fig. 6A).
Although overall numbers of specimens cap-
tured in this trap were low, the collections at
sunrise were large, with a strong representation
of Sella 3+ females.
We compared preferences for exit sites by
calculating ratios of numbers of exiting females
by surface area of wall sampled. An 89-fold
greater number escaped through a given area of
window (0.25 m' ) as escaped via cracks in the
wall (5.31 m2), average per trap of 41 and 9.6
specimens respectively. Only twice as many
(0.2475 m2) escaped via the window as escaped
through an equivalent area at the corner of the
house (verandatrap B). However, for Sella Stage
3 and gteater females, more than twice as many
escaped via windows than through the corner of
the house. More females escaped through the
window space than through an equal area in the
gable of the house, however, for females of Sella
Stage 3 and greater, a greater number exited via
the gable than through windows.
Table 1. Number of marked* female Anopfulcs
darlingi observed by resting site at intervals
throughout the night in an experimental houge
located at Floresta on the Ituxi River, Amazonas,
Brazil. A total of 81 and 82 marked, unfed specimens
were releasedJune 1 and 2,L979, respectively.
Number resting by site
within the house
Hours after
release
54
4T
38
44.3
27
18
22.5
18
13
15.5
Floor Walls Rafbers Ceiling Tptals
0.5"
1.d
1.5'
i
4.5"
5.00
i
8.5"
g.5b
i
* Females were marked with USR pigment 1953
and marked specimens were identified with a Blak-
Ray, ULV; 56, long wave ultra-violet lamp.
" Observations made on the 81 specimens released
June 1, 1979.b Observations made on the 82 specimens released
June 2. 1979.
Resting sites. The number of engorged An.
darlingi that were observed inside the house
progte".*i"ety declined with time after release. ever' 3 of 5 specimens collected from 0540 to
These resu[ts were consistent in both mark- 0715 hr were engorged'
release studies. Less than 50% could be located Spatial distribution of hnst-seeking females-
within the house at t hr postrelease and only Prior to sunset more specimens_of An' darlingi
20Vo werc still in the house 7-8 hr postrelease. were collected in the forest, but during and after
Of those resting indoors, 58.7%,37% and,4.3% sunset most specimens were collected near the
were observed iesting on the ceiling, walls and house (Table 3). Only specimens of An. darlingi
floor, respectively. VEry few marked'specimens were collected near the house, whereas we ob-
were'found outside the house prior to sunrise served considerable species dilersrty at site^s 20
and there was no apparent prefeience for outside (with 8 species) and 40 m (with 9 species) from
resting sites. the house (Table 4).
Marked unengorged specimens also more
commonly rested on the ceiling (Table 1). How-
ever, there was a more equal distribution of
numbers resting on the walls and ceiling later
in the night. After chronological adjustments in
numbers of marked specimens following re-
moval by trapping, we found a cumulative 32.9%
of marked specimens were captured in human
bait collections and 9.5% in exit trap collections
(Table 2). Most (59%) marked individuals col-
lected from human bait fed during the frrst 3 hr
after release. Only 2 of 11 marked specimens
recaptured in exit traps were collected before
sunrise.
Collections of resting An. darlingi were con-
ducted inside and outside the house. Five fe-
males collected inside prior to 1935 hr were
unfed, but all subsequent specimens (total of 8)
were engorged. Most specimens caught outside
during the evening were unfed (55/62). How-
5
0
0
r.7
0
0
0
0
0
0
t4
10
10
11.3
l4
10
12
n
n
7 2 8
4 2 7
3 2 5
4.7 26.7
0 1 3
t 7
0.5 10
0 1 1
0 6
0 8.5
DISCUSSION
During this investigation we documented sev-
eral distinct behavioral characteristics of An.
darlingi populations within and near human
habitations. The pattern of host-seeking activity
in a house with a single wall was essentially
identical to the pattern of activity outside' The
four definable intervals of outdoor biting activ-
ity consisted of low activity during the day, peak
activity for about 3 hr during and after sunset,
moderate to low activity during the 2200-0530
hr interval and a secondary peak of intense
activity at sunrise. These patterns are in general
agreement with those reported for An. darlirWi
populations reported by Charlwood and Hayes
(19?8) from collections conducted on a veranda
of a house in Aripuana, Mato Grosso, Brazil.
Biting activity within the experimental house
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Table 2. Number of marked specimens available, number collected, percent collected and cumulative
percentage of marked* female Arwplwles darlingi recaptured in human bait and exit trap collections in an
experimental house at Floresta, Ituxi River, Amazonas, Brazil. Combined data from rel^eases of 81 and 82
marked, unfed specimens at 2040 hr on June 1 and 2, 1979, respectively.
Human bait Exit trap
Number"
available
Number
collected
Percent
collected
Cumulative Numbef
available
Number
collected
Percent
collected
Cumulative
percentageTime rcentage
2000-2200
2200-2400
2400-0200
0200-0400
0400-0600
0600-0800
0800-1200
1200-1800
L47
130
L22
Lt7
714
113
r07
103
163 16 9.8
L45 15 10.3
130 8 6.2
r22 5 4.t
Lr7 3 2.6
1 1 3 0 0
106
103
9.8
20.I
26.3
30.4
32.9
t3t
0.14
0
0
0
0
5.3
2.8
0
t.4
t.4
t.4
I.4
1.4
6.7
9.5
9.5
2
0
0
0
0
6
3
0
* Females were marked. with USR pigment 1953 and marked specimens were identified with Black-Ray,ULV;56, long wave ultra-violet lamp.
'Number of marked specimens available for recapture.
Table 3. Number of Anoph'eles ,llrlingi in human bait collections at 3 sites near an experimental house at
Floresta, Ituxi River, Amazonas, Brazil (Junq 3 and 4, 1gZ9).
10 m from house 20 m from house* 40 m from house*Collection
time June 3 June 4 June 3 June 4 June 3 June 4 x
1750-1805
1835-1850
1900-1915
1925-1940
1950-2005
10 10 10
0 1 0 5
1 0 6 8
15 2 8.5
0 7 3 . 5
2 7
L 2 6
4 L 5
L 2 3
2 2 7
6 5
40 33
r27 58
44 2l
87 20
o.D
36.5
92.5
47.5
53.5
4.5
9.0
9.5
12.0
11.5
+ Collection site located in a low secondary forest.
Table 4. Species and numbers ofspecimens captured in human bait collections conducted simultaneously at B
sites (10 collections/site) near an experimental house at Floresta, Ituxi River, Amazonas, Brazil. Colleciions
were conductedfor 1b minutes each from r74o-2o05,June i and 4,rgig.
Distance from experimental house
1 0 m 2 0 m 4 0 m
Anopheles
darlinei (539)
Arwpheles
darlinei (L06')
nuneztouari (21)
oswaldoi (Ig)
mediopunctatus (Lg)
peryassu (2)
slnnnani (l)
Aedes
fuluw (2)
Psorophnra
cineulata (l)
Arwph.eles
darliWi (78)
rncdiopurctatus (7)
nuncztouari (4)
oswaldoi (3)
peryassu (L)
numbw (L)
Aedes
fuluus (2)
Culcx
sprssrpes (1)
Psorophnra
cingulata (3)
with complete walls increased after sunset andgradually decreased during the night. Unfed fe-
males moved into the house during and imme-
diately after sunset and at sunriJe engoryed,/
gravid females moved out of the house. Al"thjugir
the bimodal biting pattern outdoors *u. ,rit
duplicated indoors, we propose that movement
into and out of the house at sunset and sunrise.
respectively, was partial expression of these
peaks in activity.
The activity patterns were reasonably con-
sistent throughout our investigations, even
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though the amplitudes and duration of peak
activities and relative levels of activity under
conditions of low population densities varied
considerably. In fact, with subsequent studies
under conditions of low population densities we
found patterns of activity indoors that were
similar to the patterns of activity outside.
The effects of population density on activity
patterns of malaria vectors have been discussed
by Elliott (1972). In our studies low population
densities seemed to result in shorter periods of
peak activity and disproportionately lower levels
of activity during non-peak periods. These dif-
ferences in activity patterns are probably an
affect of sample bias as influenced by vector
behavior and sensitivity of the human bait col-
lection to population densities. First, it seems
likely that individual mosquitoes that do not
successfully take a blood meal during peak pe-
riods of activity will continue, at reduced levels
of activity, to seek a host as long as environ-
mental conditions are favorable, i.e., there is an
overflow of activity into non-peak activity pe-
riods. This overflow will substantially affect the
pattern of biting activity if a greater proportion
at hign population densities do not succeed in
feeding. Second, the sample method, under spec-
ified environmental and meteorological condi-
tions, has a definable sensitivity to the absolute
density and level of activity of the population
sampled. There is probably a sliding scale rela-
tionship between sample sensitivity and a given
set of environmental conditions, absolute pop-
ulation density and Ievel of activity according to
time of day or night. Thus, we can reasonably
expect variable patterns of activity under vari-
able conditions in the field. Furthermore, the
low ambient temperatures during study 2 re-
sulted in a suppression ofbiting activity at night
and was illustrative of vector sensitivity to en-
vironmental conditions.
Our observations on the patterns of indoor
biting activity were verified by the mark and
release of unfed females. Most marked speci-
mens obtained in human bait collections were
recaptured during the first 3 hours after release.
The recapture of marked females in exit traps
also verified our finding that most engorged
females collected in exit traps were captured
during the sunrise interval and, of these, m,ost
had fed several hours prior to capture. In addi-
tion. the observation that marked females con-
gregated in corners ofthe house gave us the firct
itne tttat this was a major exit portal, which was
Iater confirmed with veranda trap collections.
We also noted that marked females seemed to
move down the ceiling and congregate near the
eaves just prior to sunrise, but we have no exit
trap data to support this observation'
Marked females disappeared more rapidly
from the experimental house after release than
we expected from exit trap data with non-
marked females. Furthermore, since there was
no surge in numbers of marked females in exit
traps at the time of release, we believe these
specimens fled immediately through cracks in
the floor (cages were placed on the floor at time
of release) and walls. Agitation associated with
the marking procedures may have stimulated
most females to pscape, however, marked fe-
males that remained within the house seemed
to behave similarly to unmarked (undisturbed)
populations.
Deane and Darpasceno (1948) reported that
An. darlingi in Belem, Brazil preferred to rest
on the lower meter of the house wall. However,
the engorged and unengorged females that we
marked and released within the house rested
primarily on the ceiling. An exit trap placed in
the gable of the hguse provided additional veri-
fication of this gbservation. Relatively large
numbers of late fed, Sella Stage 2 and Sella
Stage 3 (or greater) females were captured in
this trap, which spems to indicate that many of
the females were resting in the palm thatch roof
for variable but lengthy periods of time after
taking a blood meal. This preference for resting
on the ceiling coqld simply reflect regional dif-
ferences in An. darlingi populations. Similar
studies on indoor resting sites should be con-
ducted in other geographical areas, as this has
significant implications for malaria control
spray policy. Ohviously, the risk of the spray
settling back onto the individual applying spray
to the ceiling is a serious consideration. How-
ever, our observations on the behavioral re-
sponse of An. dartingi to DDT (unpublished
d-ata) suggest thgt spraying of housewalls and
the lower part of the ceiling, as currently per-
formed, is adequate to control malaria transmis-
sion.
We conclude from these studies that An. dar-
lingl populations at the Ituxi River study site
weie endophagic, anthropophilic and only par-
tially endophilic (rest indoors through the gon-
otrophic cycle). However, the evidence is strong
thaf behavioral differences do exist from one
area to another, e.g., during preliminary studies
in the state of Para the senior author observed
peak biting activity of An. darlingi tooccur after
-idttigttt. Hodson (1984) has receltly re-ported
that An. darlingi in Suriname did not have a
secondary peak in biting activity at sunrise' This
peak in actiuity is similarly absent in.An. dar-
iiWi populations north of Manaus (Charlwood
u.t[ i{"y.. 1978). Such differences raise the
possibility th at An. darlingl is a 
-species complex'
a subject that warrants coordinated research
efforti throughout the geographical range ofthis
important malaria vector.
SEPTEMBER 1987 Bpnevron or Awopnotes DARLTNGT rN Bnezrr.
ACKNOWLEDGMENTS
The authors express their sincere apprecia-
tion to Professor Aluzio R. Prat6, Director of
the Nucleo de Medicina Tropical e NutrigAo,
Universidade de Brasilia, Brazil and Dr. Heitor
Dourado, Director, Instituto de Medicina Tro-
pical de Manaris, Mana0s, Brazil for their guid-
ance and support in this research effort. Tech-
nical assistance provided by Srs. Jose Bento
Lima and Jo6o Dalmacio also is gratefully ac-
knowledged.
REFERENCES CITED
Charlwood, J. D. and J. Hayes. 19?8. Variacoes geo-
graficas no ciclo de picado do Amphelzs d.arlingi
Root no Brasil. Acta Amazonica 8:601-603.
Davis, N. C. 1931. A note on the malaria-carrying
anophelines in B6lem, Par6, and in Natal, Rio
Grande do Norte, Brazil. Rev. Malariol. 10(1):
43-51.
Deane, L. M., O. R. Causey and M. P. Deane. 1948.
Notas sobre a distribuigio e a biologia dos anofelinos
das regioes nordestina e Amazonica do Brasil. Rev.
Ser. Esp. Saude Publ. 4:827-965.
Deane, L. M. and R. G. Damasceno. 1948. Altura de
pouso das femeas de Anoph,elcs darlingi e de Ano-
phcbs aquasalis nas paredes internas das casas. Rev.
Ser. Esp. Saude Pub. 2:501-508.
Elliott, R. 1972. The influence of vector behavior on
malaria ttansmission. Am. J. Trop. Med. Hyg.
2l:755-763.
Forattini, O. P. 1962. Entomologia m6dica. I. Volume.
Tipografia Endanee S. A., Sao Paulo, Brasil. 662
pp.
Giglioli, G. 1956. Biological variations in Arcphelcs
d.arlingi and Anophcl,es gambiae. Their effects on
practical malaria control in the Neotropical Region.
Bull. W.H.O. 75:467-47r.
Hudson, J. E. 1984. Anopheles darlingiRoot (Diptera:
Culicidae) in Suriname rain foregt. Bull. Entomol.
tus.74:L29-142.
IBGE Fundagio Instituto Biasileiro de Geografia e
Estatistica. 1977. Geografia do Brasil, Reginn Norte.
Vol. 1. Centro de Servicos Graficos, Rio de Janeiro,
Brasil. 466 pp.
Rachou, R. G. 1958. Anofelinos do Brasil: Comporta-
mento das especies vetoras de malaria. Rev. Brasil.
Malariol, Doencas Trop. 10:45-81.
Roberts, D. R., W. D. Alecrim, A. M. Tavares and K.
M. McNeill. 1983. Field observations on the gono-
trophic cycle of Arcph,eles darlingi (Diptera: Culi-
cidae). J. Med. Entomol. 20:189-192.
Root, F. M. 1926. Studies on Brazilian mosquitoes. I.
The anophelines of the Nyssorhynchus group. Am.
J. Hyg. 6:684-717.
Siegel, H. 1956. Nonparametric statistics for the be-
havorial sciences. McGraw-Hill Book Co. 312 pp.
